The distribution of a forest decline of yellow-cedar (Callitropsis nootkatensis (D. Don) Örsted) has been documented in southeast Alaska, but its occurrence in British Columbia was previously unknown. We conducted an aerial survey in the Prince
years ago (Hennon and Shaw 1997) . Following death, slow deterioration owing to yellow-cedar's unique heartwood chemistry (Barton 1976 ) allows snags to remain standing for up to a century. As these standing dead trees accumulate, 70 percent or more of yellow-cedar basal area is typically found dead in these forests. Thus, where mortality is this intensive, the problem is not difficult to detect by reconnaissance flights or other types of remote sensing.
The primary cause of the decline is unknown, although no biotic factor appears to be the cause (Hennon et al. 1990b) . Site characteristics including wet soils, open-canopy conditions, and elevation appear to be related to yellow-cedar decline (Hennon et al. 1990a) . Current research emphasis in Alaska is on the contributing roles of hydrology, soil chemistry, air and soil temperature, snowpack, freezing injury, and climate. The susceptibility of yellow-cedar to spring freezing injury in areas of little snowpack forms a leading hypothesis for this forest decline (Hennon and Shaw 1994) . Yellow-cedar is thought to be susceptible to frost injury, particularly in areas where soil is not protected from freezing by snow (Klinka et al. 2000) . Previously, we investigated the northwestern edges of the yellow-cedar natural range in Prince William Sound, Alaska, where we found the tree to be thriving and without evidence of decline (Hennon and Trummer 2001) . Information on the entire distribution of yellow-cedar decline, including the southern limits, is needed as we attempt to determine how significantly climate is involved. Nothing suggests that yellow-cedar decline would stop at the U.S.-Canada international border near Dixon Entrance and Portland Canal. Yellow-cedar decline has been acknowledged as probably occurring in British Columbia (Banner et al. 1993 ), but it has not been investigated to any extent.
In British Columbia, yellow-cedar commonly occurs in the windward portion of higher elevation Mountain Hemlock (MHmm1 and MHwh1) subzones (table 1). It is also widely distributed throughout the Coastal Western Hemlock zone at low elevations in the very wet hypermaritime (CWHvh2) and very wet maritime (CWHvm1) subzones and at higher levels in the CWHvm2 subzone (Banner et al. 1993 , Klinka et al. 2000 , Pojar et al. 1987 . These areas encompass much of the outer coast of British Columbia including the Queen Charlotte Islands, the western side of the Coast mountains, and the Hecate Depression. (table 1) , but it reaches its greatest concentrations at middle and higher elevations in the North Coast Forest District (Banner et al. 1993 , Klinka et al. 2000 . Yellow-cedar has the same affinity for middle and higher elevations in southern portions of southeast Alaska, but north of latitude 55°, the northern extent of western redcedar, yellow-cedar is also abundant at low elevations down to sea level. Here, the decline problem is restricted to low elevations, in places occurring only from sea level to 150 m elevation. Kayahara and Klinka (1997) recommended that a survey was needed to confirm that yellow-cedar decline was not a factor in the low-productivity forests of 4) . We found dead yellow-cedar trees at both sites, but yellow-cedar was not the predominant species in these forests. Western redcedar was much more abundant and was often found with a spike top (dead top), a characteristic of the tree throughout its natural range (Hosie 1979) . Thus, the relatively sparse occurrence of yellow-cedar made judging the status of yellow-cedar decline difficult. Also, the abundance of spike-top western redcedar trees added confusion because they produce an appearance similar to scattered yellow-cedar mortality when viewed from a distance Dense patches of dying and standing dead trees were observed often in proximity to bogs. The snags consistently represented mixtures of trees that died at different times; some recent mortality had fine or secondary branches retained, whereas other older mortality had intact tops but no attached limbs. From the air, dead yellow-cedar trees can often be distinguished from all species other than western redcedar because their tops do not break as they deteriorate. Upon ground observa- Figure 3 -North Coast Forest District of British Columbia depicting the sites where we found yellow-cedar decline. Also shown are the two low-elevation sites that we accessed by road (Rainbow Summit and Diana Lake), where the status of yellow-cedar decline is less certain. tion, we confirmed that the majority of the completely dead snags were yellow-cedar by visually inspecting and smelling exposed wood after chopping with a hatchet, or, for snags with bark retained, by the presence of resin ducts in the bark. Dying yellow-cedar trees with thin or off-color crowns were present in each of the declining stands that we mapped from the air. On the ground, we observed necrotic lesions emerging from dead roots and extending up the bole of dying trees, a symptom of yellow-cedar decline in Alaska (Hennon 1990b ). The remaining live forest comprised western hemlock, western redcedar, Sitka spruce, shore pine, and some yellow-cedar, the latter usually present as understory trees.
Most of the forests with concentrations of dead trees that we mapped were located at approximately 300 to 400 m elevation, areas that favor forests with high components of yellow-cedar. As yellow-cedar is the principal species that dies in this syndrome, only scattered mortality would be expected at lower elevations where yellow-cedar is often present as a minor component. Perhaps yellow-cedar decline is severe, and thus easily detectable, only at elevations high enough to have a large component of yellow-cedar. We speculate that yellow-cedar growing at even higher elevations may be protected from freezing by snow in early spring, either directly by snow covering shallow fine roots or indirectly by snow delaying the dehardening process (i.e., loss of cold tolerance).
Our brief survey confirms that yellow-cedar decline is present in British Columbia, extending in concentrated patches of dead trees at least 100 km south of Prince Rupert, or 150 km from the Alaska-British Columbia border. Clearly, this is just an initial step that should be followed by a more extensive survey.
Ground plots or forest inventory data could be used to evaluate the condition of yellow-cedar, particularly in low-elevation areas where yellow-cedar is not a dominant component. This could help resolve the status of yellow-cedar and western redcedar in the low-elevation forests that have an abundance of dead trees or spike-topped trees. We recommend extending the aerial survey farther south to determine the southern extent of the distribution of yellow-cedar decline.
This will aid in our interpretation of the causes of the problem, including the role of climate. Information on the process that damages yellow-cedar trees in British Columbia and Alaska is needed to develop a management strategy for this valuable species tailored to areas where it is dying now, where it is expected to die in the future in a warming climate, and where the decline problem is not expected to occur.
observations at each Location
The following are photographs of locations where we made observations in our search for yellow-cedar decline in the North Coast Forest District of British
Columbia.
Several other locations of dead trees were detected but photographs are not included in this report. Mortality was observed in a wet forested bog complex near Tuck Inlet. Scattered dead trees were noted at low elevation on the east side of Kennedy Island. At Captain Cove, relatively low concentrations of dead trees were observed on a hillside with south aspect at about 300 m. Two large bowls nearby at about 400 m elevation contained new and old yellow-cedar snags. One small patch with a concentration of dead cedars was observed on an exposed ridge.
Concentrated mortality was detected on the north side of Holmes Lake on Pitt
Island at about 350 m elevation, some of which was on steep terrain. A very large area of scattered snags could be seen extending at lower elevations along Petrel Channel on Pitt Island from Holmes Lake to Hevenor Inlet. Figure 4 -Diana Lake. Small patch of dead trees of both cedar species at a low-elevation bog woodland-bog forest complex. Generally, yellow-cedar occurs only as a minor component in low-elevation forests in areas such as Diana Lake. Large concentrations of dead trees were not found at this site. figure 3 . The abundance of spike-top, partially dead western redcedar confounds the identification of yellow-cedar decline in these mixed-cedar forests. The wood of both yellow-cedar and western redcedar is resistant to decay, and the slow deterioration of both tree species often leaves tree tops intact long after death. Thus, ground surveys would probably be needed to determine the live and dead populations of each species before judging whether forests such as this have a yellow-cedar decline problem. We observed large areas of mortality in a mosaic of scattered dead trees and higher concentrations from Donaldson Lake to north of Cypress Lake at various elevations and aspects. The more concentrated mortality had large dead trees and occurred on steeper slopes with greater forest productivity. We landed on a boggy hillside north of Cypress Lake at about 300 m elevation. Here, we found new and old snags, nearly all yellow-cedar. Most of the western redcedar was live, although some had spike tops. All trees were relatively small at this wet site.
